IOC has effectively used its position to periodically undertake comprehensive assessments of the important science and societal issues likely to arise in marine science and ocean management (SCOR, 1969; IOC, 1984; Field et al., 2002) .
These assessments (Box 2) represent important syntheses of ocean research, and the visioning approach used has provided guidance and recommendations for areas to be developed in ocean science research that extend 10-20 years into the future (see Valdés et al., 2010) .
These assessments also reflect changes in approaches and priorities in ocean science research. For example, the most recent assessment highlighted the need for multidisciplinary ocean science that has relevance to societal needs and promotes sustainability of marine resources (Field et al., 2002) . issue (e.g., Anderson et al., 2010; Glover et al., 2010; McGillicuddy et al., 2010; Peterson and Cyr, 2010; Sabine et al., 2010 ). An additional important IOC role has been to encourage synthesis and integration across these many activities to provide the basis for better management of the environment and resources of the ocean and coastal areas. Through synthesis, new understanding is gained, and integration pulls together this new understanding to produce a new interpretation (Steffen, 2004;  Figure 1 ).
abstraCt. Over the past 50 years, the Intergovernmental Oceanographic Commission has significantly influenced the direction and advancement of ocean science by using its unique position to encourage synthesis and integration across diverse activities and disciplines. International oceanographic programs focused on marine ecosystems, ecology, and living resources (Global Ocean Ecosystems Dynamics project), ocean carbon (International Ocean Carbon Coordination Project), and harmful algal blooms (Global Ecology and Oceanography of Harmful Algal Blooms program) are used to illustrate IOC's role in synthesis activities.
Results of these projects, including fundamental changes in how the marine science community approaches measurement protocols, data availability, and data sharing, along with IOC publications and periodic assessments of the status of ocean science enabled synthesis activities that engaged the wider community and extended across disciplines. Ensuring informed development and application of marine science and technology is an important role for IOC as issues related to climate change, resource extraction, and the use of the marine environment become more pressing and the need for informed ocean management increases. Nongovernmental organizations (Ngos) are made up of scientists serving in their individual capacities, sometimes represented through national committees based in an academy of sciences, royal society, or similar body. Ngos can respond rapidly to new science problems, and can be flexible because national governments and interests are not involved. although the structure and operation of igos and Ngos differ, cooperation between the two is sometimes needed to implement aspects of some programs.
The United Nations educational, scientific and Cultural organization (UNesCo) is the primary intergovernmental organization (within the United Nations system) with responsibility for science, and the international Council for science (iCsU) is the primary nongovernmental organization for science. both UNesCo and iCsU have different units that handle different scientific topic areas. for marine science, UNesCo's organization is the intergovernmental oceanographic Commission (ioC) and that for iCsU is the scientific Committee on oceanic research (sCor). ioC and sCor offer complementary inputs to their joint activities. ioC often provides expert staff related to the subject area of a joint project and can bring the input of national governments into deliberations. outputs of joint activities can be disseminated through national governments of the ioC member states. Ngos, such as sCor, provide financial support from various sources and independent input from the worldwide ocean science community, unfiltered by national and international governmental processes. outputs of joint activities are subject to the peer-review process that is the norm for the global academic community. partnerships between ioC and Ngos make it possible to tackle issues that would be difficult for either to handle alone. box 2. ioC aNd oCeaN sCieNCe assessmeNts ioC, in partnership with sCor, undertook two assessments of the status of ocean science; a third assessment included an additional partner, the scientific Committee on problems of the environment (sCope). These assessments involved members of the ocean science community who represented a range of disciplines and expertise. The goal of the assessments was to identify new opportunities that could take advantage of developing technologies and new understanding and to identify knowledge gaps and hence new areas of research.
sCor Wg 30 on scientific aspects of international ocean research, which existed in the mid 1960s, undertook the first assessment of ocean science, publishing its findings in sCor (1969) . This report, also referred to as the "ponza report, " emphasized understanding marine pollution, which was a research area in chemical oceanography in the subsequent decade. This report was used by ioC to develop its long-term plan on ocean research and exploration.
The second assessment was intended to provide a study of "…expected major trends in ocean research up to 2000" and resulted in an effort known as the future of ocean research (fore). The results of this assessment (ioC, 1984) provided a discipline-oriented view of ocean research. each of the traditional oceanographic disciplines (physics, chemistry, biology, geology/ geophysics) was asked to address three questions that were focused on important ocean research problems that should receive attention in the next decade, the expected major advances and needed research for them, and the principal impediments to achieving these advances. Crosscutting issues such as climate and fisheries were considered within the discipline-based approach used for the assessment. The assessment highlighted areas of research that were significantly developed in the subsequent 20 years, such as forecasting of ocean responses to atmospheric forcing (e.g., el Niño/southern oscillation) and elucidating the importance of microorganisms in marine food webs (e.g., the microbial loop). The need for research on basic oceanography of coastal regions was recognized in each of the discipline-oriented assessments. many of the research areas highlighted in the assessment were incorporated into large international research programs, such as globeC, the World ocean Circulation experiment (WoCe), and the ocean drilling program (odp).
The third assessment recognized the interdisciplinary nature of ocean science and the importance of science that is relevant to societal needs. This assessment also departed from the two previous in that it had a goal of identifying "…directions for ocean science in support of sustainable development for the next twenty years." in addition to assessments of ocean science in the coastal zone, fisheries, and climate, the third assessment (field et al., 2002) considered operational oceanography, industrial and commercial uses of the ocean, and the need for social and institutional frameworks that will allow cooperative research, informed ocean governance, and capacity building. The vision for 2020 set forth in the third assessment highlighted 12 areas of ocean science that were predicted to be important in meeting the needs of society in the first two decades of the twenty-first century. Whether these are indeed priorities for research will be determined as ocean science moves forward. however, the prediction from the third assessment that marine scientists and technologists must work closely with those in the social, economic, and political sciences is sure to be realized. which provided a common basis for making measurements that allowed JGOFS data collected by scientists from many nations to be used in multiship intercalibration exercises at sea, and in numerous synthesis studies following the box 3. ioC pUbliCatioNs an important ioC role has been to publish and disseminate scientific information brought together both by ioC groups and other organizations through the UNesCo technical papers in marine science, which are scientific papers and publications; monographs on oceanography methodology and ioC manuals and guides, which describe methodologies; and ioC Workshop reports, which report the discussions and recommendations from ioC-sponsored workshops. publications from these series have often been developed through cooperation with external organizations, such as the World meteorological organization (Wmo) and the scientific Committee on oceanic research (sCor).
example publications representing important synthesis products that provided clear benefits and contributions to the international ocean sciences community are:
• Protocols for the Joint Global Ocean Flux Study (JGOFS) Core Measurements (Knap et al., 1994) , which describes the protocols approved by the international scientific steering Committee for the Joint global ocean flux study (Jgofs) for most Jgofs core measurements • Phytoplankton Pigments in Oceanography: Guidelines to Modern Methods (Jeffrey et al., 1997) , which provides protocols for measurement of pigments 
